Combinations of equal volumes of essential oils of Ocimum gratissimum, Lippia rugosa and Xylopia aethiopica were studied for their inhibiting activity on the mycelial growth of Aspergillus flavus by the determination of the minimum inhibiting concentrations (MIC), and on Sitophilus zeamais by the determination of the LV 50 (volume that kills 50% of insects) and LV 90 (volume that kills 90% of insects) values. All the combinations led to an increase in the inhibition of the mycelial growth of A. flavus with a synergy between these oils. The interesting combination of O. gratissimum and L. rugosa increased the inhibition of the mycelial growth of A. flavus; the observed MIC (600 ppm) was significantly lower than that predicted (900 ppm). Concerning anti-insect activity, a slight reduction in the LV 90 on S. zeamais was observed for the combination of the three oils. The binary combinations showed higher LV 50 and LV 90 values than those predicted. There was no synergistic anti-insect activity between the three essential oils.
The invasion of various food products by insects and moulds is often the cause of their losses in quality and quantity. The uses of synthesized chemicals like pesticides and fumigants are a great contribution to the fight against these pests, but have also enormous environmental and health problems due to toxic residues and their carcinogenicity [1] . The use of substances of vegetable origin, such as essential oils, is considered more and more as an alternative, as they are largely accessible and without danger to agriculture and the environment [2, 3] . The combination of preservatives in the protection of the foodstuffs also seems an alternative being able to ensure good safety while reducing the amount of each substance in the application. The individual use of some aromatic compounds in the protection of foodstuffs requires them to be applied in high concentrations, which often exceeds the threshold of acceptable flavour to the consumer [4] . A combination of aromatic compounds, like thymol, carvacrol, eugenol, citral and geraniol, increased the inhibition of the mycelial growth of certain fungi stocks, with a synergy between these compounds when thymol was added at low doses [4] . This current study presents the anti-insect and antifungal activities of the balanced combination of three essential oils (Ocimum gratissimum (O.G.), Lippia rugosa (L.R.) and Xylopia aethiopica (X.A.) on the mycelial growth of Aspergillus flavus and on Sitophilus zeamais. [5] [6] [7] . The main constituents of X. aethiopica [5] oil were β-pinene (18.3%), terpinen-4-ol (8.9%), sabinene (7.2%), α-phellandrene (7.1%), α-terpineol (4.1%), α-pinene (3.2%) and trans-β-ocimene (3.1%). The oil of O. gratissimum [6] contained thymol (53.9%), γ-terpinene (17.8%), p-cymene (3.9%), myrcene (2.5%), β-caryophyllene (2.8%), α-terpinene (2.0%), limonene (2.0%). L. rugosa oil [7] components were geraniol (51.5%), nerol (18.6%), geranial (10.4%), linalool (4.6%), and myrcene (1.6%).
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Minimum inhibiting concentration (MIC) of the various formulations of essential oils:
The results obtained (Table 1) A., MICs ranged from 400 to 1000 ppm, 600 to 1400 ppm and 400 to 1000 ppm, respectively. The MIC increased with the time of incubation, as had been observed by others researchers [8, 9] , and could be explained by the evaporation of some compounds in the culture medium during the incubation period.
The combinations, in general, increased inhibition of mycelial growth. The higher fungal activity of O. gratissimum is likely due to thymol, which has been established on other strains [4, 7] ; the activity of L. rugosa oil could be explained by the higher concentrations of geraniol and geranial [7] . X. aethiopica oil, containing mainly monoterpene hydrocarbons, was less active. The combination with either L. rugosa or O. gratissimum improved its activity. The combination of O. gratissimum + L. rugosa increased inhibition of mycelial growth of A. flavus; the observed MIC (600 ppm) was significantly lower than the predicted value (900 ppm). There is some interesting synergy in antifungal activity with this combination. Combinations of aromatic compounds have been shown to synergistically increase the inhibition of microbe growth [10] [11] [12] [13] [14] [15] .
LD 50 , LV 50 , LD 90 and LV 90 values of various essential oils: From the probit analyses [16, 17] , the calculated regression line equations of the 2, 12, 22, and 24 h data for the oils and the combinations were determined and the LD 50 values calculated (Table 2) . Using LD 50 and LD 90 , the lethal volumes were calculated for 24 h ( Quantitative evaluation of the inhibiting activity of oils on the growth of A. flavus: The MICs (Minimum Inhibiting Concentrations) of essential oils were determined according to the standard method [20] . Sabouraud medium was prepared and, after sterilization, suitable quantities of essential oils were added in order to obtain concentrations of 200, 400, 600, 800, 1000, 1200, 1400, 1600 ppm, up to 11,200 ppm. The mixtures were homogenized and poured into Petri dishes (9 cm). A fragment of mycelium, 6 mm in diameter, was taken from the periphery of a 2 days old pre-culture of the stock and deposited in the centre of the dish and the unit was incubated at 25 ± 2°C. Controls without essential oil were inoculated in the same way. The experiment was repeated three times for each concentration. The diameters of mycelia growth were recorded each day for 8 days.
Insecticidal activity: In preliminary tests, several doses were chosen between those having no killing effect on the experimental population to the minimal one killing 100%, in order to establish the LD 50 of each essential oil. With a micropipette (Rainin Magnetic-assist), the precise volume of essential oil was added to acetone and diluted to 5 mL. From this, 0.5 mL of solution was uniformly applied to a 9 cm disk of filter paper (Whatman N°1) and placed in a Petri dish. Twenty adult insects, less than one month old, were introduced into the dish and 5 min later the dish was covered. A control with acetone alone was made. For each preparation, 5 replications were made. The number of dead insects was determined 2, 12, 20 and 24 h after the application.
